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Titie: 



MULTIJAYER SC3tEEN AND DOWNHOLE 
COMPLEnON METHOD 



Field of the Invention 

[0001] The field of this inveation relates to downhole screens, wHch can be 
expanded into contact with flie formation. 
Baekfl3rou« «l nf the Invention 

[00021 Downhole screens are used in a variety of differettt q»pUcations. As part of a 
common procedure caUed gravel packing, the screens are deposited adjacent the 
producing fonnation and fte surrounding ammlar space is filled wifli sand known as 
gravel. Various febrication techniques have been developed for manufiicturing sudi 
screens and a typical exan^le is illustrated in US Patent 5,611,399. 
[0003] More recently it has been determined that it is desirable to reduce the size of 
tiie annular space between the screen and the formation. Reduction of the volume of 
Ihe annular space around the screen discourages fluid flow along tiie screjsn, whidi, in 
torn, lessens the production of sand. In order to be able to produce the leservofar 
longer, it has been desirable to insert screens in wdl bores or laterals and tiiereafter 
expand tiiem. A good example of the expansiop techniques for a downhole sraeen is 
shown in U.S. Patent ;6,012,522. In ibis patent, overlapping segments of screen are 



wo 02/23009 



PCTAJSOl/27581 



a ^ *e. .M<*> U ult^ely «pa„a^ -^"^ ^'^^ ^ 
^.tton in me weU bo« « a .a^. T1» sh<,r.oa«,ing of to U^^^^ 

.0 ^ari:^ wMd. to »» can «»H in a Mure of fl» «cp«« — -en>bly 
^eon«>.fl«P™auc«onofsand. An<*er. lK>^ming of smO. designs is *eUn« 

capadty to withstand collapse. 

,.0M, omer paten. ^«ing U, pipe e^on. U^. P-ent 5^1,789 ^ 
5^66,012. 

100051 llemainobjecaveof a»P«s».inven«onis.oanowe.syins«lla«anofft. 
,c«en «. *e desired, location Mow«i by expansion to reduce a.e vohnne of <he 
3^„spaoean,nndthe«««. Vet anofl^er o«e« of 4e invorto ia .o «^ *. 

.he fonnation to entirely elinnnate the annmarspaoeaonnd it Yet 

objective of the pr.s«^ inv^ti™ is to .Bow the use of ti» s.n.c^ of a» 
,^do™i.oleev»«iti>ont expansion. Another objective of.be pres«*inv«.don 
is to d««ase to amount of stress on ti»fflti*ionmen*erwh«.«panded. Yet 

objective of *e present inv»«on is to p«»id. a signifk-ly stronger 
for ti« finished product, whid. even after expansion pesents a greats 

usance to collapse; Anoflia object of the tevention i, to ptovidvas m„* as 
possftle. unifcrmity in fte OP»tag »i« of tite filtration layer after the: .saen*ly is 

«p™,ed. Another objective i. to provide efficient strength in ti» assen*ly, after 

..^toallowittobetter resist dia^ntiallpressures.^ 

«tacea«effi«»pti..dfi»«^"»4«o»<^'^<'^'^'""~ 
sups. The* and oto advantages of «» preset, invention «ill be ^preciated by 
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those skilled in the art from a revie,v of the description of Ihe preferred embodiment, 

which appears below. • 

iCTTMMARY Qif THF. TNVENTION 

10006] A downhole «>mpletion method and an expandable filtration apparatus are 
disclosed. The filter assembly comprises aplnraUty of layers beginning with a coated 
perforated base pipe. The coating reduces the force reqmred for expansion. A 
drainage layer overlays Ihe base pipe with the filtration layer above it Th^ drainage 
layer improves flow throng the filtration layer and protects it fiom bnns in the base 

pipe. A filtration enhancement layer fits over the filtration layer and an outer shroud 

protects the assembly during run in. The ass«nbly can be used as made or expanded 

downhole in one or a series of expansions. i 

BRIEF DESCRIPTEON OF TEffi DRAWINGS 

[0007] Fig.liscutawayview, partly in section^ showing the filter assembly. 
10008] Fig. 2 is a section view along lines 2_2 of Fig. 1. 

10009] Fig. 3 is a section view of a first step in a nmlti step e3q)ansioni of the filter 
assembly. i 

[0010] Fig. 4 is a section view of a second stepin a multi step expansion of the filter 
assembly • 

[001 1] Fig. 5 is a comparison perfonnance chart comparing a known filter made by 
Baker Hughes called Excluder and two variations of the filter, of . the present 
inveatiom 

^^Kirr^n nF^SfHTPTTON -rmr EMBODIMENT 
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,,0U,Refc™«.oFi8.».m.™ausl»y-<.£a>e preferred eo>bodim«.are*own. 

Tte bnennos. layer ik a perfcrated b.^ ph« W. -W* 1- » 
«. Base pipe 10 provides a firm foundation f* ttc layers above, "me pattern of fl- 
loles 12 is optinnzed to atfke the best batoce between collapse resistance after 
e^on and nnninnzstion of the force reqnired to «pand .bis layer ^ ^ 

to the range of to about 3(«'. lb. base pip. 10 c«. hav. .breads 14 sirf M at 
ends to aUowsecfioos of ftefflUr.ssen4,lyA.o be secured .06ether.giving 

^K^on and tension sbcngthfbr the fi«= assembly A. A coaBng 18 .nado 
preferably<hnnaplasttc.n.t«alcanbeappU«lto««insideofmebasepipelO.Tl» 

TOitford Corp. manuftoture. th. coaSng under the n«ne Xylan lOSi-Ultintately. 
^ an «tpan4« 10 (see Fig. 3) is moved throujj. base pip. 10. to coating 18 «ffl 
^ required e^ipansion <b«». Tta gteau^ collapse resi^ 

10 promotes borate stability after expansion. The optinAation of 4e «p«ings « 
to Hghes. expansion rat. for a given ma.m.1 for base pipe 10 wM^ 

leaving suffldenl taftow area fcou^ «be pipe openings or perfcmtions 12. Uang 
,™^«undA or <«d opening ins.e.1 of slots provides ibramechanically strongs 
filter assembly A. In to prefared «nbodim««, to coating 1$ is Xyhm «d it can 

p^ . reduction in required fbrce te . given exp«mon by as n«Ki «. SO*-. !!» 

^ W also help, resist-^, to gdhng by to expander 20 or d subsequa.. 

e9q)£mdar such as 22 (see Fig. 4). 

im3\ Mounted above to base p^e 10 is a dnnnage layer 24. Drataage layer 24 is 
between base pipe 10 and flUratton tayer 26. Tl» dr»nag» Uyer 24 promote, flow 



4 



PCTAJSOl/27581 

WO 02/23009 

. , the openings 12 of the base pipe 10. In the 

between the filtration layer 26 and me opemng* 

^ « lay. M is. «eav. seleced 6<» a ,»aa a™, 

„e A ^cd wea« is «r«nay ^ 

^canbe^mp«taed™i«iaIisav.ii*l.taa,«seyHos..,.6"304 

SS B»id 60«_304B. ~ >^ ^ ^ ^"^"-"'^'^ " 

„ !•> In fte evo* of U* diffiren'"' P*®'^ 
orpud«rsaioundthe€dgesofopenmgsl2.Infliee««oi m 

. «>e ^ of d«i^ " P-videa stn^ot™. suppo. 

^ 0.0 fil-ioa Uy« ^6. ^ Wed we lay^ ^ 

a ^ of some att. ,0 outer *»»d 34, .hat wodd bave s^^doff i... 

the base pipe 10. 

Mounted ov« the dr«Mge layer « i. the ffl.ra.ion layer Ihe fflt^tion 
Uyer26hasn.^openings.Tbeprefe,»d™.eri.liaaspecial«^ 
^, Tlis materia. giv« very reliable nniibonity opening si». aft- 

^00. in «ds n^nner d»re c«> be ec».fid«Ke in fl« parade size, whidr -ill no. 

p.^mt^aonlayeriS^egivinggre.t^pro.-^oo^ta.^^''^^^ 
of ^ nrany parades. AS in Fi^ 1. 40 ffl--ion layer .6 is ori«^ a. 

.„g,e.o«.elo„p.ndi.^a>dsofa«ffl...-3«nb.yA.Thi.anglee«.t«in*erange 
rf^ 10 to abou. 80 degrees-i* abou.20 degteesl^ngprefened. OdenSng to 

.iro. e^pansio. T,« Dot* TME «a« P-ovides greata 

a^.y.ndpar.icteboldingc.p.SV.K.g-iV.ea^™!"'''^'^-^*^^ 
as .result of e^ansion are tetherndnimizedVynsing .»v-sewe«re,T«i^ 

p^ter. A reverse w«ve is one «h«e *e diainet. of weft (Shut.) vrfres 2. « 
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,^„«^&=wa:pwi«s3«byasm»ohasabo».50pero«>t'nieoombinationoffl.. 
^ placed of ffl«ico lay» 26 by a spiral wtaaing technique coupled 
«tt . reverae weave yields a more i^edictebU aod umfenn opeoiug si« alto 

expansion. 

100151 Mounted overifte fitoatton Uycra6 is the filtration ed»nccm«« layer M. 
This layer promotes grea.« flow conductivity ftom the out^most layer, the outer 
*„ud34. Layer 32 acta aaaooarsefiltertelayerMandp^lonsslhelifoof filtration 

,^ 26. IMS our be aem in the graph of Fi^ 6. where the addition of Ihe filtration 
.d^ent layer is p«ve 36. Hre same Site, assembly A of 4e present invention 
but wiftout the filtr-ion enh«»«nent layer 32 is iltolialed hy »rve 38. Curve 40 
fl.e perfi^n^nce of a bK,wn product made by Bd»r Hughes 

Exctader. Fi^ 5 re^Sly demonstrates that the addition of me ffltiation a±anoem<rt 
layer32neriytriplc,*etimei.takes.obuadup.b.d,pr.ssu.oof40PSIGfbra.e 

«me flow conditions: living out die filtiati6n enhancem«« to« 32. also makes 
auu ver*» of to present invention p««»m somewhat con^ly t. the known 

Binder dedgn. Sev«.l different weave types «e snitiHe fcr layer 32 sud, as: 
s<p«we.v«,CompdundBdanced. light 1^«»1 Braided Weav.. A suitable 
compound BdancedimateriM is av^le ftom Porous Mehd Pn.d»to, model # 

CB 3 96 192_21/24;Ametamciiiaterialisp!Kifcrred. 

100161 TlK outer dM»d 34 i. prefenfcly filmed fi»m « 
Ae«inte.t»be.Tl»holesi^andpattemisopBmi«d to ftdH*-e expansion 

provide suffident coB^ .distance in to eij^nded state. It ia desb^ 

inflow area of to openings marimized but to limit to op«ing size and use a 
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^ ^ of me sto.»a 34 is .0 p^tec laye, Mow ft» d»as. 

durmgnmin. 

1,017, T1»la,»o«beio,ned»ge«.«by™.gmgU.«*KC«.eo»«d.di.m.«. 

to e^oo a«d p^des grea^r ^^ngth .S»». coD.^ after expa-^ioa 

a»«l»o «™P<»"« i^viduaDy Wore waging «.« fl» 
asaen^ly A after an *e oo™,»»«».s have be» assembled. 
a greater de^ of e:.pa^on «fl»ut ^ ^eS' ia partiool^iy 
.ppUcable the base pip. 10. -n-e type of am«ali^ ea^looed » sduBon anr-tag 
800 degree F. Armealing of fte base pipe 1» is doae beibre applying ae ooaang 

18 d». .0 the ir^Mity of ft.e coating 18 to wia^tand the ameaBng 
Si.^ be ,«d. instead of swaging to i<nn layer, «x,ged». m 1^ 

asse^W in the ionowing m»»«, .he braided wire of suit^le drainage 
h^l4is,l»edoa.hebasepipelOwMchl,<«pre*»islybe«.drilleawithholes. 
coated ^Klthreaded. .he ffltralion layer 26 is wrapped at an angle over to «>p 
of the drainage layer 24. Ano*« l.y». odled *e flftr-ioa e„b»««n«« layer 32 is 
ptaoedov.rft«*^«f«»ffltr«io«l.,er2«. Tto. enter shroud 34 is pl«»J o«r 
the filiation enhane^h^t layer 32 «»I .he Wfl p«So«e trough a 
fl^swagesorft^cesancon^enentttovigoronslyoortaoteadiote. • 

imSlThefite assembly Ah.stoad™«.g.»f»P«dorp.rf*«n»nc^-^ 
e,p«^«idownholeo*no..Ifitisnot«.paode4it.».begr««.pa*edma»h^^ 

Figs. 3 ».d 4 ilh«We a »d<p» s.ep>se expansion tectariqne. ^ 
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^ep. an «pa»d=r 20 whi* may b, . feed cone or a cone with variable dianaeler is 
™ved downwardly fl>rou^ the filter as.en,bly. A ,0 achieve about . 1 5% «cpanrion. 
At the low« end of the filter assembly A a cone latch 42 ««.ges a fixed or variable 
diameter expander or cone 22 to increase the ovendl «.pansion to as mnch as 50%. 
AS previonsly stated.inK«e expansion steps can be ns^ and diff«ent degrees of 

^_wise expansion and overall exp«Bion can be cbt.in«l with this techni<pe. B 
should be noted tt^ to «cond e^on does not necessarily have to proceed to a 

direction opposite fte first ei^andon. 

[00191 TherearemanyappUcationsofthefflterassemblyof&eprescntinvenlio^ 
horizontal opea hole completions there arc usually more than 1 .000 feet of contact 
with the productive formation, sometimes in excess of 9.000'. Because there is so 
xnudi contact the amount of production per foot is very low. In most cases if the 
theoretical production per foot was travelmg into a screen dixecdy opjK>^te of the 
fonnation then the velocity would be too low to transport sand fiom unconsoUdated 
nations or cause erodon. THere are many wdls in whicdi erosion is-taldng place 
and sand is bemg produced. Pr^ently there are a co^le of theories that explain this 
occurrence. First the fomiations may be so unconsoUdated that they simply fell apart 
when the pressure in flie wen bote med to control the wdl doting Idrim^ 
completingflieweUistemoved. Ihisisieferredtoasholeorfomiatioi.coll^se. A 
secondpossimtyisthatfluidflowsalongthepathofleastiesistance. Shis may be 
on the mside of a screen mat is in place or along the outside. As the flow proceeds 
towards the begimnng of the open hole section, the accmnulative effects of 
productionmeansthen^elodty is much hi^er towards the top section (begimnng) of 
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«„,^hok,™svtioci.y(accu=M^ flow) c«.behigb»<».gb onto 

100201 By expantog «xee. in op«. bol. hotonW «" annulns .«twe« to 
^..^tt„tonn«ionC3nbegreaay«duoeao,evendi.ntoted..I^^ 

«««terioroftoscreen«>dmcrea^ootoWerior. Tta reduction in e«=ri« flow 
^ tow„ vdod«« ne» to weB bore «rf toretee less sand «n.po.t*ility and 

less erosion effects. • 

100211 Expansion can also aid in foimation stabiUty by physicaUy supporting the 
fonnationifthescr^enise^mdedmtilitistoiidung^^ TTris support in 

turn could prevent the collapsing of the fonnatibn when the pressure ia the well bore 
is reduced. 

. C00221 h,casedholeapphca^ionsffltrationassemblyAoffets%ead^rantageof al«^^ 
inside diameter forremedialwoikbelow its installation. Another advantage is that in 
ftacpacks and gravel packs an that is necessary to do is toplacethepr^ 
mtheperforation tunnels and formationfractares. Annnlar packs betwein the screen 
and the casing, which are often difficuU to achieve, are not necessary since oq^andrng 
soeenremovesthisannolus. The filter apparatus A could also be nsedm conjunction 
wift a ftac pack or gmvd padc and siisequcntly expanded to back fin any ^ 
the annulns I pad. or perforations not fitted. 
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We claim: 

1. An expandable fflter assembly for dovmhole use, comprising: 

a base, pipe having an inside surfece. a longitudinal laxis, and a 
plurality of opemngs; 

at least one filtration layer moimted over said base pipe, said layers 
each bdng amealed to fecilitate subsequent csxpansion dovwihole. 

2. The assembly of claim 1, wherein: 

said filtration layer and said base pqKs are individuaUy amiealed prior 
to being joined together. 

3. Theassemblyofclaiml, wherein: 

said filtration layer and said base pipe are annealed after being joined 

tog^^- 

4. The assembly of daim 1, wherein: 

said filtration layer and said base layer are swaged together and said 
annealing fijrther comprises sohition amiealing at iq> to about 1800 

degrees F. 

5. The assembly of daim 1, wherdn: 

said inside surfiice of said base pipe is coated to reduce the force 
neededifor subsequent expansion. 

6. The assembly ofdaim 5, fiather comprising: 

an expander c^le of multi-stage expansion of said base pipe and 
said filtration layer. 

7. Theassanblyof claim 6, wherdn: 
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said staged expanaon occurs in a single direction. 

8. The assembly of clahn 6, wherein: 

said staged expansion occurs in opposed directions. 
9 The assembly of daim 6, wherein: : 

dimoision. 
10. The assembly of daim 6, wherein: : 

wterd. one of said «ft w«p wes is dfepo«d * an of 
ib,^ IMO degrees «ith resp^t to longit^iinal a=ds,of said base 

pipe. • 

11. The assembly of daim 10, wherein: i 

s«d weft wi» have . larger di«««.r said warp ™«s by as 

much as aboiit 50%. 
12. The assembly of claim 10,wherem: » 

said at least one . filtration layer fe&er comprises a woven drainage 
layer on said base pipe and a main filtration layer, said drainage layer 
protectingsaidmainfiltrationlayerfi^mbnrrsinop^ii^ 
pipe andprovidingmed^cal support for said main filtmtion layer. 
13. Hie assembly of claim 12, fiirthsr comprising: 

a filtration erf^ent layer mom^ted over said main filtration layer 
and fiirflier comprising a weave..8aid drainage layer and said filtration 
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eohancement layer are spiraUy wouud to orient wires therdn in 
substantial aUgnmeat with said wires in said main filtration layer. 

14. The assembly of claim 10, wherein: i 

said openings in said base pipe are roimd. rounded or oval. 

15. An expandable filter assembly for downhole use, oomprifflng: 

a base.pipe having an inside surface, a longitudinal .axis, and a 

plutalily of openings; 

at least one filtration lay«r mounted over said base pipe, 
. said inside surfece of said base pipe is coated to reduce (he force 
neededifor subsequent expansion. 

16. The assembly ofclaim 15, wherein: i 

said coating is made of a plastic material and said op«iings are round, 

loxmded or oval. 

17. The assembly of claim 15,fijrther oompriang: 

an expander «^able of multi-stage expansion of said base pipe and 
said filtration layor. 

18. The assembly of claim 17, whendn: i 

said filtering layer oon^mses a weave having weft and warp wires and 
wherein one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees with respect to ti>e longitudinal axis !of said base 

pipe. » 

19. The assembly ofclaim 18, wherein: i 
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»d layers being »nned«l U. -^-^ 
downhole; 

said fflUrtion ,^ and s^d base layer a» swaged «.g««»r and s»d 
fi^ oon-prises sow™ annealing at »p «, *o». 1800 

degrees F. 

M. An «tp«^le do«nhole use. oopiprising: 

a base, pipe having an inside serfi«^ . tongi.udin.1 and a 
plurality of opeanings; 

at leastxmeffltationlayer mounted over Baidbasepipe;ai^ 

an expander capable of multi-stage eKpansioa of said base pip^ 

said filtration layer. 

21 The assembly ofdaim 20, wberdn: i 

^db.sepipeis«^ins..gesnpto*««t30%abovei«original 

dimoQSion. 

22. The assembly »f daim 20, wheran: i 

said lay« ead. being anneded to flxflitat. srf»e,«>* e^ 

downhole; 

^dffltradonUy- «id a^dbase bv- «e =^ 
....^ flrt^er con^riscs snWon anncaHng at >^ to 

decrees F. 

23. The assembly of claim 22, wherein: '. 
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said filtering layer comprises a weave having weft and wa^ wires and 
wherein one of said weft and warp wires is disposed at an angle of 

about 10-80 degrees with respect to the longitudinal axis.of said base 

pipe. « 

24. An expandable filter assembly for downholense, compriang: 

• a base, pipe having an inside .surfece, a longit«dinal .a»3, and a 
plurality of openings; 

at least one filtration layer mounted over said base pipe, 
said filtering layer comprises a weave having weft and warp wires and 
wherdn one of said weft and warp wires is disposed at an angle of 
about 10^0 degrees with respect to the longitudinal axisiof said base 
pipe. • 

25. The assembly of claim 24, whra^in: i 

said weft wires have a larger diameter than said warp wires by as 

much as about 50%. 
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